The aim of this paper is to draw the main characteristic from theoretical calculations of a good dielectric gas. The SF 6 is widely used in the electrical industry for its dielectric and insulating properties. In the purpose to define available parameters, we study the molar fractions of chemical species in PTFE, SF 6 , Cu mixture for several proportions and pressures. We show that the carbon solid formation and condensed copper formation depends on the SF 6 proportions and the presence of the electronegative ions F -.
Introduction
PTFE (C 2 F 4 ) n and sulphur Hexafluoride SF6 are widely used in industry for electrical insulating purposes and also in circuit breakers [1] [2] [3] [4] [5] . The SF 6 gas has been well studied since a long time ago [5] . The thermodynamic properties and transport coefficients are well understood in the gas and plasma phase [6] [7] [8] . Nevertheless the molar fractions of condensed phase had not been studied in details. Notwithstanding, carbon formation on voltage breakdown and sparking is well observed since several years [9, 10] . As a matter of fact, the main consequence of solid condensation is the failure of the breakdown. With the SF 6 gas or by adding some CO 2 or Halogened alkanes this carbon deposit can be partially suppressed [9, 11 ] . The dielectric gases are useful in medium and high voltage coaxial lines, in circuit breakers in substations and in transformers. At the present time the SF 6 gas is usually used.
To our knowledge in the literature no available data on multiphasic composition can be found in temperatures below 6000 K concerning SF 6 with polymer. This data can be useful to understand the creation or the cooling of the arc. Usually the contactors or the guide of the arc roots is usually constituted of copper. The arc surrounding material is made of polymer or contains it. In the working conditions the pressures can be vary from 1 bar to 30 bars [12, 13] . That is why we choose to study the polyphasic compounds of plasma mixtures of (PTFE, SF 6 , Cu).
First, we describe the data base and the computation calculation code. Secondly we describe the results obtained for three mixtures of (PTFE, SF6, Cu) respectively (1%, 98%, 1%); (50%, 49%, 1%) and (98%,1%, 1%) in weight percentage (wp) and also we discuss the results obtained for three pressures 1 bar, 10 bars and 30 bars for the (50%, 49%, 1%). In conclusion and from these theoretical results, we give the conditions of a good insulating case. This conditions can be used has a definition of a case test.
Theoretical Funds 2.1 Physical formulation
The computation of the chemical equilibrium of mixtures as (SF 6 , (C 2 F 4 ) n , Cu) is based on the solving of equation derived from classical thermodynamics. The thermodynamic principles are valid for ideal plasma and heterogeneous plasma. Several authors use indifferently the minimization of given thermodynamic functions or mass action laws even with plasmas out of thermal equilibrium [14, 15] . The mass action laws are never used for the heterogeneous case. In our case we consider the pressure and the temperature as fixed constraints. The thermodynamic function is the Gibbs free energy that has to be minimal if the thermodynamic system reached the thermodynamic equilibrium. So we assume the thermodynamic equilibrium for the condensed phase, the gas and the plasma. We can write this function has the sum of two terms. The first term depends on the plasma and gas phases pg G , and the second term depends on the liquid and solid phases ls G .
• pg G is written as :
where n i is the mole number , pg N is the number of different species present in the plasma and gas, µ i 0 is the chemical potential of i species at pressure reference P 0 .
• ls G is written as :
ls N is the number of liquid and solid phases taken into account for a given temperature. µ i 0 is the chemical potential of i species at pressure reference P 0 . The liquid is assumed to be an ideal and pure liquid that is to say there is no diffusion of the others species inside the liquid. The condensed phases (solid and liquid) are immiscible. Consequently the composition of a condensed phase follows the initial mass percentage.
Data sources for the species thermodynamic calculation
The pressure influence on the melting temperature of copper is low in our considered temperature range [16] . For this reason the same melting temperature for all considered pressures has been chosen fixed at 1358 K [17] .
The thermodynamic properties versus temperature are taken from [17] for solid and liquid copper. The thermodynamic properties for solid carbon are those of the graphite taken from [17] . For the gaseous polyatomic species data are taken from [17] . For the monatomic and diatomic species the thermodynamic properties are calculated from the partition functions [18, 19] . The enthalpies of formation are taken in [17] .
In our calculation, for the SF 6 , PTFE, Cu mixtures, 12 monatomic species are taken into account: C, C -, C + , Cu, Cu -, Cu + , F, F -, F + , S, S -, S + and electrons, 20 diatomic species: C 2 , C 2 -, C 2 + , CF, CF + , CS, CS -, CS + , Cu 2 , CuF, CuS, F 2 , F 2 -, F 2 + , S 2 , S 2 -, S 2 + , SF, SF -, SF + and 37 polyatomic species C 2 F 2 , C 2 F 4 , C 2 F 6 , C 3 , C 4 , C 5 
numerical method
The mole number must be non-negative and satisfy the conservation of nuclei and quasi neutrality, so the different values i n must satisfy both conditions:
where m is the number of different nuclei. It is equal to 4 in our case (C, Cu, F, S). 0 = j is devoted to the electrical neutrality. a i j represents the nucleus number of type j for particle i ; b j is equal to the number of different nucleus types in the initial mixture ; 0 i a represents the number of electric charges of type j for particle i; so electrical neutrality imposes 0 0 = b
. By
introducing Lagrange multipliers k π to take the physical conditions (3) into account and using a Newton-Raphson numerical method a system of equation is obtained [19] . The convergence is considered to be reached when the values i n ∆ satisfy the following relation:
In chemical equilibrium thermodynamical calculation, the main difficulty is the choice of the number of condensed (liquid and solid) species. So, the requirement for a new condensed species, which was not previously included as a possible species to now, is that its inclusion will decrease Gibbs energy. So, the test given in [20] for the two following species Cu (liquid and solid) and C(solid) at each step of temperature is used. In figure 1 , the molar fraction has been plotted for three mixtures based on SF 6 , PTFE and copper. In the case 1, 1% (C 2 F 4 ,) n , 98% SF 6 , 1% Cu in weight percentage, the main chemical species are SF 6 , SF 4 , CF 4 and CuF 2 . We do not observe any condensed phase in the considered temperature range. The SF 6 molecules dissociate in SF 4 and F at temperature around 1800 K. SF 4 molecules dissociate in SF 2 and F at a temperature around 2240K and SF 2 molecule dissociate in SF and F around a temperature of 3000 K. Around 3080K the diatomic molecules SF dissociate in S and F. For the higher temperature 6000 K the main chemical species are monatomic F, S, C and Cu that the basic elements of the mixture. For the charged particles, the electrical neutrality is reached between Cu + and Ffor the temperature lower than 4500 K and eand Cu + for the higher temperature in the considered temperature range. In the case 2, 50% (C 2 F 4 ) n 49% SF 6 1% Cu, the main chemical species are CF 4 , SSF 2 , S 2 and solid copper. The CF 4 molecules dissociate in CF 2 and F at a temperature around 2900 K. CF 2 molecules dissociate in CF and F around 3650 K and CF dissociates in C and F around 4500 K. The solid copper sublimates in CuF and CuF 2 at a temperature of 1350 K. For the higher temperature at 6000 K the main chemical species are F, S, C, CF, CS, Cu and C 2 . The electrical neutrality is reach between Cu + and Ffor the temperature lower than 4500 K and eand Cu + for the higher temperature in the considered temperature range. In the case 3, 98% (C 2 F 4 ,) n 1% SF 6 1% Cu, the main chemical species are solid carbon, CF 4 , and solid copper at low temperature. The CF 4 molecules dissociate in CF 2 and F at a temperature around 2690K. CF 2 molecules dissociate in solid carbon and F between 3050 K and 3700 K. Thus the molar fraction of solid carbon is stable in this temperature range. At 3685 K, when solid carbon sublimates in CF and C 3 , the CF 2 molecules dissociate in CF and F. Around 4480 K, CF dissociates in C and F. The liquid phase of copper vaporizes at 1418 K in CuF and CuF 2 . For the higher temperature 6000 K the species are monatomic F, C, CF, C 2 and Cu. The electrical neutrality is reach between Cu + and Ffor the temperature lower than 4500 K and eand Cu + for the higher temperature in the considered temperature range.
Comparing the three considered cases, the role of stoichiometric coefficients are indubitable. The chemical compounds are different and depends on the proportion of SF 6 and (C 2 F 4 ,) n . The higher the proportion of SF 6 the lower the proportion of solid carbon. We also notice the CF 4 molecules that are present in each considered cases. The neutrality in gas phase is made at low temperature between Fand Cu + . In figure 2 , we present the evolution of the solid carbon and the condensed copper for several proportions of SF 6 and PTFE. For the high proportion of SF 6 (>50% in wp) the solid and liquid phases of copper and solid phase of solid carbon disappear in the considered temperature range. In figure 3 , in the case of 50% (C 2 F 4 ) n , 49% SF 6 , 1% Cu in weight percentage for two pressures 10 bars and 30 bars, the molar fraction are plotted versus the temperature. The dissociation of CF 4 in CF 2 and F is made at 2900 K at 1 bar, 3160K at 10 bars and 3500 K at 30 bars. CF 2 dissociates in CF and F around 3650 K at 1 bar, 4200K at 10 bars and 4525K at 30 bars. CF dissociates in C and F around 4500 K at 1 bar, 5300K at 10 bars and 5800 K at 30 bars. The solid copper sublimates in CuF and CuF 2 at a temperature of 1350 K at 1 bar, 1480 K at 10 bars and 1550K. The solid carbon appears at low temperature and sublimates at 1015 K for a pressure of 30 bars. For the higher temperature 6000 K, we observe the higher pressure the higher molecule molar fractions. So the main species for 6000K at 1 bar are F, S, C, CF, CS, Cu and C 2 and for 30 bars F, C, CF, S, CS, C 2 , CF 2 and C 3 . The electrical neutrality is reach between Cu + and Ffor the temperature lower than 4500 K and eand Cu + for the higher temperature in the considered temperature range at 1 bar. For 10 bars, the electrical neutrality is reach between Cu + and Ffor the temperature lower than 5260 K and eand Cu + for the higher temperature. For 30 bars, the electrical neutrality is made between F -, CF + and Cu + .
Conclusion
In this paper, we have presented the molar fraction of mixture of PTFE, SF 6 and copper for several proportions and pressures versus the temperature. The SF 6 is remarkable since it has different behaviour versus its proportions in the mixture. As a matter of fact we have shown that the chemical composition and the presence of non electrical conducting species at low temperature in the mixture depend on the proportion of the SF 6 . Furthermore, we have shown that the solid carbon formation and condensed copper disappears when a high proportion of SF 6 is present in the plasma. So to test the efficiency of a dielectric gas, we have to study the solid carbon formation and condensed copper. Furthermore, the presence of the electronegative ions Fhelps to avoid the re-strike of the arc. As a mater of fact, the mobility of ions is lower than electrons. The presence of electronegative species in a good proportion is also required to avoid re-strike of the arc.
